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SECTION 1 — Analytical Chemistry (Total: 50 Marks) 
ANSWER FIVE (5) OF THE FOLLOWING SEVEN (7) QUESTIONS 
Each Question is worth 10 marks in total 


QUESTION 1 


a) A 40.1 ppm solution of K2Cr2O7 has a percentage transmittance of 19.4 in a 2.10 cm cell at 
345 nm. Calculate the absorbance of the solution and the molar absorptivity of K2Cr2O7 at 
this wavelength. Note: A = — logio T (4 marks) 


b) A 2.50 mL aliquot of a solution that contains 4.33 ppm of iron (III) is treated with an 
appropriate amount of excess KSCN and diluted to 50.0 mL. What is the absorbance of the 
resulting solution at 580 nm in a 2.50 cm cell? The molar absorptivity of Fe(SCN)* at 580 
nm is 7.00 x 10° L mol! cm’. (3 marks) 


c) Identify factors that cause the Beer’s law relationship to depart from linearity. In your 
answer, provide an example of a real or instrumental deviation and a chemical deviation. 
(3 marks) 
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QUESTION 2 


a) Explain, with the aid of an Energy-level diagram, the energy changes that occur during 
absorption, non-radiative relaxation and fluorescence by a molecular species. (5 marks) 


b) Briefly explain why the relative number of molecules that fluoresce is small. (2 marks) 


c) Describe, with the help of a diagram, what is meant by the following terms. 


i) Stokes shift 
ii) quantum yield (3 marks) 
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QUESTION 3 
a) Draw a labelled schematic diagram of a Flame Atomic Absorption Spectrometer and show 
the optical path from the primary source to the detector. (242 marks) 


b) Describe how hollow cathode lamps operate and why they are used in preference to other 
radiation sources. (2 marks) 


c) The following figure shows a calibration which has been performed using an atomic 
absorption spectrophotometer. 
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i) What type of calibration has been performed? (% mark) 


QUESTION 3 Continues on the following page 
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QUESTION 3 (Continued) 


ii) If the equation for the line of best fit is, y = 3.610 x 10° x + 2.022 x 10°', what is the 
concentration of the sample being analysed? (142 marks) 


ili) The sample being analysed came from a 200.0 g soil sample, contaminated with lead, 
which underwent an acid digestion and was diluted to 250.0 mL. A 10.00 mL aliquot of 
this solution was made up to 50 mL and analysed using the above calibration. What was 
the concentration of lead in the soil sample in mg kg™!? (3% marks) 
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QUESTION 4 


A 5.00 mL sample of an alcoholic beverage was diluted to 1.000 L in a volumetric flask. The 
ethanol (C2HsOH) in the diluted solution was determined by titrating a 25.00 mL aliquot with 
a 0.0200 M potassium dichromate (K2Cr2O7) solution. The average titre from 3 separate 
titrations was 28.85 mL. 


a) Give the balanced redox reaction for potassium dichromate reacting with ethanol. 
(3 marks) 


b) Determine the mass of ethanol in the 5 mL sample? (5 marks) 


c) Ifthe density of ethanol is 0.785 g cm™*. What is the percentage alcohol in the beverage by 
volume (v/v)? (2 marks) 


2Cr** (aq) + 7H20 (1) 
C.H;sOH(aq) 


Note: CrO;* (aq) + 14H* (aq) + 667 
CH3COOH (aq)+ 4H*(aq) + 4 & 
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QUESTION 5 
a) What are the characteristics of an ideal detector for Gas Chromatography (GC)? Compare 
and contrast the different detection methods available. (6 marks) 


b) Internal standards are commonly used in quantitative GC analysis; explain how and why 
they are used. (4 marks) 
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QUESTION 6 


A 9.0573 g sample of fertilizer is dissolved in 250.00 mL of distilled water. A 10.00 mL aliquot 
of this solution is added to a beaker and 40 mL of distilled water added. The aliquot is titrated 
with a 0.0500 M barium chloride (BaCl2) solution, using a conductivity probe, to determine 
the sulfate in the original fertilizer. The resulting titration curve is shown below. 
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a) Write a balanced equation, showing states of matter, for the titration. 
(1% marks) 


b) Calculate the percentage, by mass, of SO4?- in the original sample. (542 marks) 


QUESTION 6 Continues on the following page 
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QUESTION 6 (Continued) 
c) With the aid of the information given, explain the shape of the titration curve. 
(3 marks) 


Tonic molar conductance at infinite dilution at 250C 
Aos(Ba?*) = 12.73 Q7! cn’ mol! 

Aox(Mg**) = 10.61 Q-! cm?’ mol! 

Ao(Cl) = 7.64 Q*! cn’ mol! 

Ao(SO4?-) = 16.00 Q7! em? mol! 
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QUESTION 7 


a) Explain what is meant by the terms column efficiency and column resolution. Draw 
chromatograms to illustrate: 
1) good and bad column efficiency and 


li) good and bad column resolution for the separation of two compounds. (4 marks) 


b) Substances A and B have retention times of 16.50 and 18.20 minutes, respectively, on a 
30 cm column. An unretained species passes through the column in 1.30 minutes. The 
peak widths (at base) for A and B are 1.21 and 1.32 minutes, respectively. (6 marks) 


Calculate 
1) the time spent by A and B on the column 
il) column resolution 
ii) average number of plates in the column 


iv) the plate height 


v) the length of the column required to achieve a resolution of 1.50 


QUESTION 7 Continues on the following page 
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QUESTION 7 (Continued) 
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SECTION 2 —- Environmental Chemistry (Total 50 Marks) 
ALL STUDENTS IN THE ENVIRONMENTAL STREAM MUST 
COMPLETE THIS SECTION 


ANSWER FIVE (5) OF THE FOLLOWING SIX (6) QUESTIONS 
Each Question is worth 10 marks in total 


QUESTION 8 


a) To photochemically decompose nitrogen dioxide to nitric oxide, radiation of < 400 nm is 


needed. What is the minimum amount of energy needed to decompose a mole of nitrogen 
dioxide? 


(E =hcNa/ i, Na = 6.022x107 mol', h = 6.26x 104 J s, and c = 2.998108 ms") 
(3 marks) 


b) Why are inversion events associated with photochemical smog (2-3 sentences)? 


(2 marks) 


QUESTION 8 Continues on the following page 
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QUESTION 8 (Continued) 


c) Why does the maximum ozone density occur at 23 km altitude instead of being evenly 
dispersed throughout the stratosphere (2-3 sentences)? (3 marks) 


d) It has been suggested that the Montreal Protocol may have had more of an impact on 
climate change than the Kyoto Protocol. (3-4 sentences). 
i) What was the purpose of each Protocol? 
ii) From a chemistry standpoint, what was the rationale behind this statement? 


(2 marks) 


13 


CHEM250 Trimester 2, 2016 


QUESTION 9 
Gas Atmospheric lifetime (y) RIRF GWP 
CO2 50-200 1 1 
CFC-11 45 17,000 4,750 
CFC-12 100 23,000 10,900 
HCFC-22 12 14,000 1,810 


a) When discussing climate change, RIRF and GWP indices are used to quantify the impact of 
gaseous species. (7 marks) 
1) Why are these indices used instead of concentration? (1-2 sentences) 


ii) What factors go into each index? (3-4 sentences or bullet points) 


ili) Why is RIRF for CFC-12 significantly larger than for CO2? (1 sentence) 


iv) With regard to CFC-11 and CFC-12, explain why the relative difference between 
the molecules is much larger for GWP than for RIRF. (1-2 sentences). 


QUESTION 9 Continues on the following page 
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QUESTION 9 (Continued) 


b) Given that water vapour is the most important greenhouse gas in the atmosphere, why is 
it usually not included in the list of greenhouse gases (3-4 sentences or bullet points)? 
(3 marks) 


QUESTION 10 


a) Consider the pE /pH diagram for iron (above). What is the environmental fate of iron if it 
is discharged as Fe**(aq) into a (i) well-hydrated tailing pond, (ii) well-hydrated red mud 
slurry, or (iii) the bottom of a deep lake. Justify your answer (1-2 sentences each). 

(6 marks) 
1) well-hydrated tailing pond 


QUESTION 10 Continues on the following page 
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QUESTION 10 (Continued) 


il) well-hydrated red mud slurry 


1i1) the bottom of a deep lake 


b) Iron toxicity has occasionally been observed in rice plants grown in lowlands (acidic, 
submerged soils). With reference to the pE / pH diagram above, explain how this can 
happen (2-3 sentences). (4 marks) 


16 


CHEM250 Trimester 2, 2016 


QUESTION 11 


a) Consider two pesticides present in lake water: A (log Kow = 6.2) and B (log Kow = 2.7). 
Which pesticide is more likely to bioaccumulate in fish? Justify your answer (2-3 sentences). 
(3 marks) 


b) In the problem above, we used Kow (not Kom). Define each parameter and explain why we 
used Kow instead of Kom (2-3 sentences). (2 mark) 


c) In Contributions of Long-Range and Regional Atmospheric Transport on Pesticide 
Concentrations along a Transect Crossing a Mountain Divide, Lavin and Hageman looked at 
the influence of mountains and wind systems on regional pesticide burden. (4 marks). 


1) Define Kpa and Koa and explain their relevance to this paper. (2 sentences) 


QUESTION 11 Continues on the following page 
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QUESTION 11 (Continued) 


li) What are the major research outcomes (or knowledge gained) from the work 
described in this paper (2-3 sentences)? 


d) Name two pesticides on the POP list. (CZ mark) 


QUESTION 12 


a) The Henry’s law constant for O» in water at 25°C is 1.30 x 10° mol L"! Pa’. Calculate the 
concentration of dissolved O2 in (i) mol L” and (ii) parts per million (ppm) at this temperature. 
Atmospheric pressure is 1.01 x 10° Pa. (5 mark) 


QUESTION 12 Continues on the following page 
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QUESTION 12 (Continued) 


b) What is the minimum dissolved O, concentration required to sustain aquatic life? (J mark) 


c) Explain why Ca** and Mg” ions exist in the largest proportions among all cations and why the HCO; 
ion is the most abundant anion among all the anions, in fresh water (2-3 sentences). (2 marks) 


d) In seawater, we usually measure alkalinity; in lakes we usually measure acid neutralizing capacity. 
These terms broadly measure the same parameter. Define this parameter (2-3 sentences). (2 marks) 
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QUESTION 13 
a) What is a colloid? Give three environmental examples that involve different phase 
combinations. Make sure to identify each phase pair. (3 marks) 


b) Define “aerobic” and “anaerobic” conditions and explain why each condition is 
associated with either high or low pE values. (2 marks) 


c) Kep for Fe(OH); is 6.3 x 10%°. Calculate the solubility of Fe** at pH = 3 and pH = 8. 
With respect to acid mine drainage, what is the significance of your results? (4 marks) 


d) Do you expect waters affected by acid mine drainage to have high or low pE? Justify your 
answer (1-2 sentences). (7 mark) 
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SECTION 3 — Pharmacy stream (Total 50 Marks) 
ALL STUDENTS IN THE PHARMACY STREAM MUST 
COMPLETE THIS SECTION 


ANSWER ALL OF THE FOLLOWING SIX (6) QUESTIONS 


Note: NMR and IR data tables can be found in the data booklet 


QUESTION 14 (15 marks) 


Determine the structure of the compound CsHi902 with the 'H NMR, '3C NMR and infrared 
spectra provided. The region 4 - 10 ppm in the 'H NMR has been omitted as no peaks are found 
in this region. Assign all of the information in the spectra as part of your answer. 


| 2 lines 


+ 


Vline_ 


"H NMR spectra 
'H NMR assignment 


Signal Multiplicity Interpretation 


QUESTION 14 Continues on the following page 
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QUESTION 14 (Continued) 


160 140 120 100 80 60 40 20 0 
i 
|. 


'5C NMR spectra. Peaks are labelled with their chemical shift. 


Note: the solvent, CDCl3, appears as 3 lines at 77 ppm. 


'5C NMR assignment 


Signal Interpretation 


Transmitance 


1720 cm-1 


Wavenumbers (cm-1) 


Infra-red spectra with major peaks labelled in cm?. 


IR analysis and interpretation 


QUESTION 14 Continues on the following page 


22 


CHEM250 Trimester 2, 2016 


QUESTION 14 (Continued) 


Structure assignment and justification 
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QUESTION 15 (6marks) 


The following questions relate to compounds A and B. 


O 
Compound A Compound B 


a) Predict differences in the expected 'H NMR signals and hence how you could differentiate 
Compound A and Compound B. 


b) Predict the expected '*C NMR chemical shifts for Compound A and Compound B. 


CHEM250 Trimester 2, 2016 


QUESTION 16 (3 marks) 


How could you determine when the reduction of Compound C to Compound D was complete 
by infrared spectroscopy? List two (2) expected differences. 


O O 
5 NaBH, a 
H 
Compound © Compound D 
QUESTION 17 (10 marks) 


1) Identify the major a-fragments that would be observed in the electron impact mass 
spectrum of phenyl ethanol and show mechanistically how they are formed. 


OH 


oO 


phenyl ethanol 


QUESTION 17 Continues on the following page 
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QUESTION 17 (Continued) 


ii) Both tartaric acid C4HeOc and xylose CsHi0Os have a molecular weight of 150 g/mol. 
How could you differentiate them using mass spectrometry? 


Note: There is sufficient information in the question without structures being given. 


QUESTION 18 (10 marks) 


Predict whether the two compounds C and D, shown below, will be more separable at pH 6 or 
pH 11 using capillary electrophoresis. Explain your answer. 


OH NH, 
pKa _ 9.0 
Compound © Compound D 


Equations used in capillary electrophoresis 


2.27 
oo 67mrn 


eG 
rs 


PKa = pH + logio ([BH* J{B]) 


QUESTION 18 Continues on the following page 
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QUESTION 18 (Continued) 


pa 


CHEM250 Trimester 2, 2016 


QUESTION 19 (6 marks) 


a) What two types of information are specified in the British Pharmacopeia substance 
monographs? 


b) If a monograph specified that an ash test is required, how would you go about performing 
the analysis and what would you be measuring? 


PAS FAS 28 2g 2g 2g 2s 2s 288 218 FAS 28 2g 2g 2g 2g ig 28 28 28 2S 2g 2g 2g 2g 2g 2s 28 FAS FAS 2s 2c 24g 2g is 2s 28 28 28 2s 2c 2g 2g 2g is 288 28 28 28 2s 2g fe 2g 2s 28s 28 28 28 2k 2k 2k 2g 2s 28s 2s 2s 2S 2 2k 2k 2 2k 2 ok 


DATA TABLES AND THE PERIODIC TABLE CAN BE FOUND IN THE 
DATA BOOK. 


Please remember - This examination paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been 
returned. 


